serum, there was evidence of increase in blood volume, shown by a sudden fall in plasma protein and heemoglobin immediately after treatment.
The ultimate prognosis in the cases treated by salt alone seems poor; one patient died in crisis at home, about a month after discharge: the patient who was having the large amount of cortical extract died when this was omitted and salt alone given. One patient is untraced, the fourth died of acute osteomyelitis a month after discharge, although his clinical condition had remained otherwise good. POSTCRIPT-16.5.36: The fifth patient, who was alive at the time of the discussion, has since died.
Vitamin B1 in Human Diets
By AUDREY Z. BAKER, B.SC., M.R.C.S., and MARGARET D. WRIGHT, M.B., B.S.
ABSTRACT.-Constituents of beri-beri-producing diets, borderline diets, and protective diets given by Braddon and others were analysed for vitamin B1 content by Cowgill. He used a long series of assays published by numerous investigators and calculated the various units and percentage values as milligram equivalents of a yeast powder. He thus obtained approximate vitamin B1 values for these diets. He showed that these values, together with the incidence of beri-beri, justified the application to man of a formula obtained experimentally and gave an indication of man's minimum requirement of the vitamin.
In this paper the vitamin B1 value of the same diets has been obtained from direct assays against the International Standard of the constituent foods, raw or cooked, as usually eaten. These are in good agreement with the values drawn from the less direct calculation, and indicate that man's minimumrequirement may vary according to weight and food intake between 200 and 500 units daily.
The desirable level of B1 intake for adults and children has been studied by analysing in the same way a series of diets recommended by public bodies or by dietitians in England and America. Adults on good diets consume 450 to 750 units daily. High vitamin diets may contain about 1,500 units.
Diets recommended for children show relatively higher levels than those for adults, that of a child aged 4 years having nearly 400 units and that of a child aged 11 [7] . By the experimental determination of the minimum amounts of vitamin B1 required by four species of animals (dog, pigeon, rat, and mouse) he arrived at a formula applicable to all four species. This formula relates the body-weight and the calorific intake to the vitamin requirement. By extending this formula to man, he found that the predicted requirement for protection against beri-beri agreed closely with the figures he obtained from his analyses of diets known to be (a) severely beri-beri producing, (b) border-line, and (c) protective. Cowgill obtained his B1 values for foods by collecting the figures published by a large number of workers who had expressed their results in the various units employed before the adoption of the International Standard. He correlated these by means of a few key substances and expressed the values so obtained in terms of milligramme-equivalents of his own concentrate, a yeast powder. In the case of some of the earlier publications corrections had to be applied, such as that for coprophagy.
Since the B1 values of common foods, both raw and cooked, are now becoming known by direct assay against the International Standard, it is possible to make a somewhat more direct evaluation of the B1 content of the diets to which Cowgill referred, and also of well-chosen adequate diets in common use, and thus to arrive at a conception, not only of the beri-beri threshold, but of the intake necessary for good health.
Most of the B1 values used in the present calculations have appeared in the Biochemical Journal [2] together' with a description of the method of assay used. This is based on measurement of the duration of cure of the bradyeardia produced by vitamin B1 deficiency in the rat and has been developed as a method of assay by Dr. Leslie Harris and his collaborators at Cambridge. Consideration has been given to wastage in preparation of vegetable foods, to the gain in weight of cereals and pulses, and loss in weight of meat on cooking where the foods are listed as raw materials. Wherever possible, the assay value used has been that of the food, cooked or raw, as eaten.
The first diets to be considered here are a number associated with outbreaks of beri-beri. A very low B1 diet, a moderately low, and a borderline beri-beri diet are given in Table I . 21 in Bilibid Prison, 0.4 (c) 8 Manila. meat. Average weight probably 62 kg. * A loss of 40% of the weight of raw meat is assumed, which shonild cover the cooking loss and removal of bone, cartilage, &c. One-sixth is deducted from the weights of fruits and vegetables. This has perforce been guesswork, as certain of both will be eaten whole, whereas others may lose varying amounts according to the degree of care or haste in preparation. Other beri-beri diets referred to by Cowgill give similar low values by this method. A diet described by Braddon (Table II , No. 1) consisting of rice, meat, vegetables, beans, fat, and flavouring agents gives a value of 156 units, and was responsible for constant outbreaks of beri-beri in the Pudoh Gaol, Selangor. Another of Braddon's [4] diets (Table II , No. 7) with a vitamin B1 value of 253 to 390 units according to the meat used, cured beri-beri among the natives in the Dutch East Indian Navy, but was not entirely protective to the heavier European sailors. Improvement of Diet 1 in Table I up to a content of 163 units was effective in reducing the incidence of beri-beri, but did not wipe it out (Table II is possible that some of the vitamin may have been lost in cooking.
Cowgill has related the protective level of vitamin B1 intake to the probable average weight of men on various diets which he analysed, and has found that the incidence of beri-beri expected by the use of his formula was similar to that actually recorded. Cowgill estimates one International Standard unit to be approximately equal to twenty milligram-equivalents of his yeast powder. In the following table is shown the relationship between the values of certain diets as calculated by him and as obtained by our more direct method of estimation. Allowing for variations known to occur between samples of the same substances, the correspondence noted here between the values obtained by two different methods of approach is striking, and indicates that the estimates must be fairly near the truth. Consideration of the values of these diets bears out Cowgill's thesis that no one specific intake protects all individuals against beri-beri, but that the intake must be related to the weight of the individual and the calorific value of the diet. Thus, diet No. 7 with a relatively high B1 value on either estimation did not completely protect all individuals against beri-beri.
The Bureau of Science, Manila, recommends a daily supplement of tiki-tiki of 200 International Standard units [8] . Browning has interpreted this as an indication that the minimum requirement for adult man is something less than 200 units [6] , but it would seem evident that 200 units, though adequate as a supplement in the conditions obtaining in Manila, cannot be; regarded as the minimum protective intake for every adult. The following table shows the more likely protective levels, using Cowgill's formula and the relationship he quotes between his mgm.-equivalent and the international standard unit. Vit Thus, whereas ,for a man weighing from 8 to 10 stones, such as the average Chinese or Philippine Islander, low levels in the neighbourhood of 200 units may be adequate, Europeans of larger build will require a higher intake.
From a consideration of the effective tiki-tiki dose and its equivalent of unpolished rice, Jung [9] has suggested that the minimal daily need for a normal man is 100-150 times the daily dose needed to give rat growth. Since in terms of the International Standard this level lies between 10 and 20 mgm., the beri-beriprotective level would be, by this estimate, anything up to 300 units daily.
Analyses have been made of a number of other diets not associated with beri-beri in order to arrive at an estimate of the amount of vitamin B1 in average and in generous diets. Many published diets cannot be thus treated, owing to omission of quantitative details, or the inclusion of made-up dishes of uncertain composition, but a number are available, quantitatively recorded and composed of simple materials. Barborka [3] gives a skeleton diet considered to meet all the body requirements, except for energy-production, and intended to be supplemented by carbohydrates, &c. The position with regard to the vitamin B1 requirements of children is more difficult. Cowgill's formula applies to adults, and the respective requirements for growing children and for adults in health may be and probably are of a different order. Analyses of recommended children's diets show, on the whole, that a higher level of intake is desirable. Specimen diets are given for children of 3 to 6 and 6 to 8 years recommended in the B.M.A. report referred to and also two sample diets by Simmonds [11] . SPECIMEN Theobald's diet is in use for patients with pregnancy toxiemias. There is abundant evidence that experimental animals have an increased need for vitamin B) during pregnancy (as much as 3-5 times the normal in rats). On threshold diets, it is among the pregnant women that polyneuritis appears. Strauss and McDonald [12] have also published a report on three cases of pregnancy polyneuritis successfully treated with a high vitamin B1 supplement and recommend the prophylactic use of concentrated sources during pregnancy.
Summary and Conclusions
A survey of the foregoing diets shows that: (1) Beri-beri has occurred on diets giving 400 or more International Standard units of B1 daily. Therefore the level of 200 units cannot be regarded as sufficient to protect among all populations and on all diets. The protective level may vary between approximately 200 and 500 units per day for adults, according to weight and food consumption.
(2) There is a wide difference between such a protective level and that regarded as a high vitamin B1 intake and used in special conditions. A high vitamin diet has been shown to be one giving an activity of anything up to 1,500 units per day.
(3) In the intermediate zone, the ultimate vitamin B1 content of wbat is commonly understood as a mixed diet depends entirely on the informed selection of foods. Exclusion of certain foods in sufficient quantities, on grounds of indigestibility, dislike, trouble in preparation or on grounds of economy may materially lower the value of the diet as a whole, and although such a diet may be protective against beri-beri it may not satisfy physiological requirements for continued health. While these considerations apply to the diet of the normal individual, they become more important in circumstances where a high intake is needed-as in pregnancy, or where digestive disturbances may interfere with absorption.
(4) The vitamin B1 content of children's diets should be relatively higher than those of adults.
